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Present-day particie accelerators (cyclotrons, betgirons, synchroirens, and
others) attain energies up %o seversl hundrei milliou clectron volts.

at higher energies of 100-1,000 Mev, ope should expect many nev physical ef-
rects. At present, we are striving to raise the energy level and also toc solve
tke problem of thorough utilization of the range of energies already obtained (100-
k0O Mev). 5

Of the new physical effects discovered at high energiez in the accelerators
and discussed in the literature we shall devote our sttention to one new physical
effect peculiar to energies around 100 Mev. We have in mind the effect -f electro-
magnetic radiation or iust relativistic electrons in betatron-type acceierators. -
It 1s interesting that at the indicated energles a noticeable ‘part of the electron
radlaticn nccurs in the visibie portion of the spectrum of electromagnetic waves,

This circumstarce i very rewarkable., Not long ago the 50th anniversary of
the dlgcovery of the electron was observed. However, in all these 50 years it was
necegsary to be satisfied only with indirect evidence of the presence of the electron.
All experiments with electrons depended ca se-ondary effects of electronms.

Indeed, all experiment,c with electron beams in vacuum tubes led finaliy to the
chgermtion of luminescence on the screens or the wall of the tohe. Aut the ob-
served luminescence appears not at all to be the luminescem.e of electrons but
ratker the luminescence of moleculsr or atoms activated by then. "Observing” .
electrons in counters can be spoken of unly in a conditional sense, since in the .
counters the particles are regiscered but are by no means obgerved. We do not
observe particles in the Wilsor cloud chamber either; we see only the traces of
the particles. In the thick-layer photo-plate process of L. V. Mysovskiy and
A. P. Zhdanov we have only traces also; there ar. no direct appearances of particles,
Particiee are only traced o® the photo plates.
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gy Tecently wse direct erectron luminescence discovered. The matter concerns
the diecoavery of the Cherenkov orfect. Fere we a. Luslly nave Juminesceuce of the
eiectrone Themselives, bmt s%1ll with vertain reservetions. For Cherenkov electron
luminesosnne, whe pregente of & medium iz very essentiel. This radiation, as is
known, takes place waer the veloc:sy of the electron surpasses the phase veloclty
of iight in *ne suvrreounding medium, z-mewhat similar to certain effects in gas
dyrsmics .  iu gas dymanmics, certain g - uliar effacts will take place (shock waves)
1f the welocity of motion surpas: crrtain characteristic velocity, namely the
effesrive speed of sound. Thus, fov aok waves as well as for the Cherenkov eifect,
a medium with definite characteristics appears decisive. Therefore
wn by T. £. Tewm Zor the Cherenkov electron -- 'humming electron” --

> gipse *his zame fits ~he esscntial meaning of the surrpunding

“he only 43¢ wheve we zee pure” radistisn of the electrons ‘themselves is in
+he radisticn of ejectroas in accelerwmbors. Therefore, 1t appears correct 4o calil o
the direst radiation of *he electrons in accelerators as "vhe luminescent electron” ]
effedt, underssanding Sy thie in the geoeral case the vhole radiated gpestrum and
rot oply vhe visuval rsdiatlon. '

“he preseace of radiation from fast particles in the betatron type of accelerator
wag shown in 19%% by the Soviet physicists D. Ivanenko and I. Pomerancuuk. Further
theory wan Aeve oped tr other Soviet and US sclentdsts.

Ak}

Expérimentrly, the radiation of electrons ia a betatron was indirzctly re-
corded by Blewes:z in 196, and finally e "luminescent eiectron” wa:z observed vis-
ually by Polliock's followers in 1947, The emission of electromagnetic radiation
by particles moving in accelerators likewise is of imnmediate practical significance.

According to clessicel electrodynamics, charged accelerated. parbicles lose &
part of their energy in the form of radiation. As a consequence of this, particlcs
moving in ascelerators can fall out of correct phase with the accelerating field,
which ieads to a disraption of the normal opsration of the arcelerator. It is in-
teresting, therefore, to explsin the influence of this radiation on the characte:
of the motion of the particles in the accelerator.

We shall give a short report of the basic werks in which the rsdietion cf
charged perticles in accelerators is studied, and bring rorth certain interescing
experimentsl data relatirg to this group of problems.

Radiation aad Limit: of Xaergy Atteirabie in Accelerators

The presence of energy losses in rediation cap limit the maximum attainable
energy ia an accelerator. Even though the limiting energy of the a~celerated
particles in various types of accelerators is determined by various factors, let
us selzctively examine all basic types of accelerators for decisive circumstances
of interess.

Az is known, in simple (nonrelativistic) cyclotrons, used for acceleration of
heavy p . les, the moximum energy of the sccelerated particles is limited by the
relativistic incresse i.a mess of the particle. TFor the protor, for example, an in-
crease 3n mass of 10 percent takes place even ab 100 Hev. As we will aee below, atb
snch enercies the radiation of heavy particles is rot significsnt.

Ir synchrocyclotrons (i.c., phasotrons which represent cyzlotrons with & vary-
ing frequency of the electric fileld arzording to the ideas of Veksle~ «nd later of
1, with the aid of whick we :»u attain relatively hipher =nevgies of the
:, the radiavion again proves to Ye insignificant. The maximum energy of
the par-.cies in this cage is basivally determined by technical difficulties con-
nected with the formation of large mdgnets and the modulation of frequency.
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vor whe benatton,’ w re.stivistic epparatus (i.e., an wspparatus in which rela-
tivistis verizcion in mess does not disrupt the operation of the apparatus) the
rﬂqiarzwr o trong rotating in & c¢irculer fixed orbit limits the maximum at-
Attentior was first brought to this case in 1944 by Soviet

1eg0n7ating acceleratcr or & wave-guide accelerator, the maximum
e erergy iz not directly comnected with the rediation of eccelerated

s, bubt for & misrobrer and syrchrotron {first set forth by V. I. Veksler),
this rediaiion iz sssentiml. The infivence of radistion or the operation of these
devices will be excmlned bziow.

Radiaticn of & Single TL2o0Don

o Let we Ictredacs:*he formula deseribing the radiastion of a single reiativistic
electron movicg in a wagnetliec field. We:cnall proceed from the clascical relativ-
Lo equation of el n motion, containing a term which takes in%o account ra-
distional “"stoppage’ ! what is eszsen’islly the same, from the classical nonquantum
Lawrenne-Dirac eguatio~ for & paint electron):

du 2 ) 2
= E R+ { G sl 457 )} -
(i A=12,3,4), {1

where m is the joveriant mass of vhe electron, e the electron charge, ¢ the felocity
of light, u; toe compeanente of four- ilmcxs;ona; velecity, Fyy the tensor
electromegnetic rielc Z_(P;3, Fass FlL ty AECF, Fop, Fij7 and ds = d“'f‘ *
where as usuil p:: :-. The suwaration convartior is dznoted Ly indexes that occur
twice,

Rawriting equation {1) for the vaiues i = 1, 2, 2, and for i = 4 we get the
equstion £or porentum arnd emergy

—efe+ [ER] )+ 2 (Ve v +
ot (W & )] @

(3)
In these formulas p EVTE%— ie the momertum of the particle, v the velocity of the

particie, & the evergy of the part;cle, E and H the electrical and megnetic field
strengtha. -

A3 A zero approximation to the solutior of equation {3), we shall take <he
solucicn of the sguaticn withcut, considering radiational damping.

SE=e(E+[2n]):

)
We shall now examire the problem without the electrical Lield, i.¢., when E = Q,
Assuming thet the megnetic [izld doss o change tha absolvte townite’. of the ve-
locity, ve will have“from (%)
e [V
Y & P —
] V= Vi g [C h]
(5)
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and consequently

= 2x0—p)?[[FH]H]

(6)
Inserting {31 and [6) in (2}, we will obtain {since v v = 0)
v 1
f{_@:—_ 2e* (_\‘/__[L_E,.H_]_)i:l,,, - (. — ﬂ") 1 e
dt 2 Z (,_..p;)z M J
L 2e* . er | ! 2
T 33 mZe l_ﬁ';[VH] :
Thié ecuation can be rewrliten in the form
2
rj[vH]l(_@ VA,
nec :
(7
me 2.
having in mind tha: 35==——7==2% andvb==§%;l (the clessicael radius r, of the

electron). Formuls (7}, which determines she elsctron losees in radistionsl damp-
ing in the zagnetic fleld, was obisined by I. Ya. Pomeranchul (7) in a wark devoted
+o the movement of cosmic elecireng In the earth's magnetic field (published in 19%0j.
It can equslly bte used t¢ find the radiation of a siugle electron movirg in an accel-
erator. The problem of the interaction of electrons in accelerators will be examined
separately. Sirce in the accelerator (for example, in & betatron) v 1# perpendicular
to H and motlon takes place aleag the clrcular radius R:qJﬁh_a_érA (the latter

e
equality assumes thet the velo:sity of electron motion is close to the velocity of
1i;ht), tren P=om (7) we obtain the energy which is radiated per unit path length:

G'=—2r3 H* (&) .

\ o
(8)
For the radiation in ome revolution, ve get
@'=-dr e (@&
3 TR\ me?,
(9 3

It i3 clear from formula (3) that the radiation of the particle {up to this
time the mstiter coacerned only the electron for definiteness) for one revolution
is proportional to the square of the mass of the particle. From formuls (9) it -
is clear that the reaiatior ir ome revolution is proportional %o the fourth power
of the energy of the accelerated particle. ’

Let us evaluate the maximum atteinable energy of the accelerated particle in
" the betatron. It is obviously determined by the conditinn that the snergy oStiained
from the soccelerator in ome rotation is completely dissipated in radiation. The
energy acquired by the parti:zle in the betatron in one revolution is equal to

eCﬁE-JS==' 2w R-E.
v ] ’ (1)

Or the other hard. sccording tc Maxwell's eguation
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whzre @=‘n’;\ﬂH 1s the magnetic flux \:‘7. is the avarage intensity of thz magnetic
fieid in the area of the circle enveloping the crbit). - §ince under the conditions

of u stationary orbit i%t is necessary that'H = 2Hg, where Hy 1& the intensity of
the magnetic field at the orbit, cher (i) can be rewritten in the form

§E-ds=-% TR*2H,»
‘whence for The Loss per unlc patk isngih we get the expression
2 , ' , . S 5
Esusting expressions (8) and {11)

, 7 L e
4 3 (E)s SRR

we get for the eriticai velue cf the energy @-C:

ek H)’/z_
G (zrge W3/ \
12)

I+ 18 clear from ihis that the meximum electron energy ip the vetatron in-
creagas as the rate of change of tie megretic field H increases; for & given value
o? H, the gquantity & ¢ 1s proportional to the sguare root of the energy quantity
acquired per unit path length.

Formule (12) was cbtained im 19%4 by Ivauenko and Pomeranchuk {6). As the
suthors showad,. vith ressonsble esgsvmptione coucerning R aud B, values of the order
of 500 Mev are obtaincd for the energy & c- This energy obviougly is the maximum
obtainable for electrons acceicrated in o betstron (described nore fully in (8)).

Of signiricant interest is the Getermination of the angular distribution asic
radiation spectrum of ax electron in the betatron. These problems are examinel in
the works, of brtsimcvich and Fomarenchuk (8), end of Schiff {S) who based his w.rk
on Schwinrer's. The ves3ults of these works genorally agree witnh each other. We
will set them forth, according to Schifr.

The eiectron motion in the betatron is periodic. Therefore, cne can expect
the presence, in the radiatiou spectrum, of harmouics; that is, multiples of the
basic cyclic frequency (angular velocity) of the electton sround the orbit: w, = &lc
For the totel energy, coming from the radiation of the nth hermoniz, we have the &
formuls :

2ng
wyme et {202, (2mp) ~(1 =) szw(x)dx}‘

(13)
where 72r is the Becsel function of the 2n order and of the first kind, and Jdioy ig
jts derivetive, Expression (13) was obtained by Schott in 1911, vho purely academ~
ically and without eny applications of lhe theory of acceleratnrs examined problems
releting to the radiation of moving charges, ia particular the radiation of charged
particles moving ir a circular orbit. Formuls (13) corntains the following results

in unresolved form, obtained not lon; ~¢o by Artsimovick and Pomerecciuk (3), and

Shwinger {10}: wq BYOWS at the rate nl/3 as n increases to a velue of the order

(96,)3 , and then exponeniially decres:es (Figure 1):

i .
-]
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From formua {2&) 1% .LE ciesr that the baelc part of the radiation comes at the
higher harmonisz /'n»(,& _) ; for example. for a vetatron acceleratiry & particle tn

energies of 100 Mev in a i‘lcld hm]"* oersteds, we have ?10~l()-’, from which it im-
medistely Ccllows that a eignificart part of ihe rsdiastion occurs in the visible spec- -
hrum/ lt cern be ‘concluled from this that the radistion can alsc de observed visually.
A few words can e s:id sbout the anguiar distribution of radiation. If polar angles

g and » are introduz ed so that é' =z ¢ 1s the instentsneous dirzction -of the moving
electron and % = 0 is the orbit plane (Figure 2;, then the angular distribution of
radiaticn will be deftermired bty the formule.

coetgd [ , ; (/-“63)://721’,:.“'1»7]_

47 R L (1—€ees )3 T {l—geosE)E

(15)

T4 can be nscertained that the integral of this expression over a ephere gives
the *otal value of the rudiated sucrey corresponding. to (7). TFrom formula {15) it
is immediately seen that, for @ > nc* and consequently A==/ , the radistion is

ccnceatrated ip the solid angle whose axis is along the instantaneous é.rection of
wotion, and with an sngular "opening" of the order 27¢* radians., ‘The anpgulsar dis-

tribution of radiation per radlan averusged arcund the whole circumference, has the
form

(1—-8 sm2y) % {16)

where ¥ ic the poler vngle; selzetad so thav 3 =0 s pervenédicular to the orbit
plane. VWhen B <€ 1, w2 have ag enguler distribution determined basically bj the
ordicary coefficient (1-+cos® ¥ j. Thus, the relativistic radiation (G > ome? )
of a single electron is basically concentrated close to the orvit plane in a emall
30lid augle oriented in the directior of electron rotion (that is, the electron ra-
diates forwezd in the direction of motion). Since the formation of overtones (har-
monics) is connected with the irregularity of electron radiestion for & given poin®
of oheervation ati various positions in the orbit, most of the harmonics are also
roncentrated in the orbit plane. The intensity of radiation ~oming from the ni’
harmonic rapidly decreases with increase in distarce from the orbit piane. 1In a
direction perpendicular-to the orbit plane only the basic frequency « ., is radiated,
equal to the cyclic frequency of electron urbital roteation.

It is also easy to determine the direction of polarization of the radiastion of
an electron moving in a circle. COtrserving the motion of an electron im its orbit
plane, we see only its oscillations, perpendicular to the direction of observation,
i.e., che dipole lying in the orbit plsne. Jcepseguern.ly, the rudiatvion is poler-
-ized i the electron's plane of motion.

Rediatien of Electron Systeds inm th- - ciirou

Ur to this time, we have sxamined 'he radiation of & single electron moving in
e megretic field. In all eceelerator zochaniems, incliuding the betatron, we slways
kave o deal with combinaticns of interacting particles. Therefore, questions
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neturaily arise on how interaction of elecirons infiusnces their over-sll radiation,
srd in what cases can the considzrations be applied relative to one electron. We
wili aote hers that it is not immedistely obvious thab the electron current in the
hetatror will radlate since = comstaat circular current does not radiate.

. Ye will set forth briefly the results of examining thic probvlem. The caLcala-
ticp of the isterference ersfect of the radiaticn o7 N individual electrons is &c-
complished in the usual way. The expression for the energy comling from the nth
hermoric of the spectrum is multiplied by a coeffizient of the Torm

N
! 2
Feel exe ()]
S==I ) (17)
wnare (Pg 15 the &
ctr

% nguiar scordinate of the sth electronm. Summation is carried out
all the eicciron

5. The coefficient ,i7) leads tc three esseatislly different

Case ) -- The particles are distriduted clong the circumference st angulac
distances from each other (- In this case, the coefficient F will equal zero for
all harmonics for which %} 18 ‘no* a whole number. This follows divctly from the
rule governing the vector eddition of complex mubers. Ia this case, if 7 is a
whole number, the coefticient F equals Neq giace ‘each of the cowponents of exp {in

@ g) ia this cape 1s equal to unity. Yhus in the examined case tae redistion can
be decreased if we miake N>u, {we will recall that n, signifies that harmonic after
which the exponerntial drop of the radiation energy veging). We will note, however,
that the cuze N >%, correspords to a greet current density in the electron beam
and can scarcely be realized. In eddition, 1t is difficult *o visualize a concrele
physical condition in which such & uniform disiribution of electirons atong the cir-
cumference cculd exist.,

pPassing, in formulas (17), To the limit N—e , which in practice correspends to
the case of & comstent currenl, e can conciude thet a comstant clrculetory current
does not radiate, since
27

fexp (ivp)dp==20.

g

We bave alrescy noted the importance of this case.

Case 2 -- The particles are randomly disiributed within the beem, occupying an
angle of @ rcdians in the orbit, which corresponds to the motion of a group of
electrons. Iz this case, the coefficient (17) will have the form

Fa N+ (N*-N)f(ny), o
(18)
where f(0)=| axd f(x)decreuses when X >-|, the nature of the decreese deperding od
the everage density @ oF the electrous in the beam, The angular interval ¢ is de-
termiged az that interval in which the density of the electron group falls ¢ times.
It is assumed t-at ihe density of the electrors in the group chenges according to
Gauss's lew, A simiilar distribution of electroms im “he orbit .a tie romm cf groups
takes place in the synchrotron.

Frem (18), it follows =hat th. .1 . energy losses compe. iea wi oo .l existerce
MtMQmmdwﬂwinmeMmmxsmg—(MSmh&mqtmtx=h¢$l)mm
corresposzd to wave lengths A& dimensicus of She group.

@ ; -- The electrons are randomiy distributed along the whole circunCerence.
7 to see that, because the angular coordinates ¢, of the individual electrons
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we wil, find that ke coefficient is F = H.

Tre physicel picture correspouding to thiz case is as follows: 2 the electron
beam, deasity fluctuations 490 tasge place. the demsity of the current in the
besm 1: not iarge, wtien the fiuchuations wilil also be small. Therefore they can be
congidered irdependent {since *hey create wean flelds). For independent fiuctuations,
Poisgon's law reiating to random chacce quantiti=s pives .

Ap~VN N,

c

where A(? 13 the {iucteating electiren density in the beam end N is the coucentration
of elentrous i the beam. :
The rediation of izdividual flectuations will be proportiocsmal to {Ap YEN L
For a full beam, swming up over all the fluctustions, we alsn derive tha! the ra-
diatnion from Lhe fluctustions is appreximstely N, which coincides with ike above
result, Iu this manrer, namely the presence of fluctuations acecmpanying the at-
taiomment of high eleciron energy, electron raaiatlon in the betatron is created.
(The role played by density flucluations of charg. in the radiation of electron
ringe was noticed in the discussione of D. Ivanenio and Ya, Terletskiy in 1945,) .

Ia their paper, Artsimcvich and Pomeranchuk make an approximate evsluation of
the limits of uppliicability of the corncepiion of ncnirteracting elechrons in the ‘
belatron. It i3 obvious that electrons cen be considared noninteracting and their
density fiuctuetions ae independent (i.e., following Poissou's law), if the maxi-
mum potertials correeponling to the flucwnaticns ere small ic comparisop with the
differences in kinetic rpergy of the orbital electrcsms. The differences in kinetic
arergies ls brought abtout for two reasons: wonsimultanecus admitimnce of electrons
inte the working area and the collisions of slectrons with ges molecules (ioni-
zetion logses). Comparing the magnitudes of fluctueting potentiels (which, accoré-
ing to Artsimcvich apd Pomeraachuk,. sre arourd 60 e¢V) and the masgritudes of the
differences in electron velocitles (the differences average 10 ¢¥Y), %he authors
cencluded That the influence of eleztren interaction on radiation can ve disre-
gerded in the betatron. )

Influence of Radiation on the Operatior of Variocus Accelerators

1. Betatron {11, 12, 13)

As was shown above; the over-all energy lodses In radiation are proportional
to the number or electrons in tae beam. Calculations snow that even at electron
energies of 100 Mev contraction of the radius of the stationary orbit can be ex-
pected. For emergies (¥ of the order ol 300 Mev (the frequency of variation of
the magnetic field is éﬁ;:= 60 cps ; the radius of the stationary crbit is R=2x;
and the field strength at the orbit is Hmax = 5000 gausses) the losses are 4.7
percent of the total energy of the electrom, if the field varies hggmonically“

The greater part of the energy comes at & wave length of 2w R ("‘1?‘,7 which cor-
_responds approximately to 60C angstroms; i.e., it lies far in the ultraviolet
region.

I
: It follows from this that energy losses cannot be significantly decreased

by phielding. (By shielding is meant the use of & metallir anrf-ca of high con-
dug¢tivity oL which currents arise, induced by the electrom current, whose radiation
coipensates for the radiation of the main current.) Compensatiom. obvinusly, is
" possible only in the case 'of the coherence of these currents which rle-~e= copditiors

on the wave leugth A5 R .

it ghould be noted that, in a ~icse examinatlon regarding the work and

construciior of betatrons in Germany, 1% appeared that desigrers kept in mind the
radietinn of electrons in the betatron and therefore built & special model for

-8 .
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svadying auch radiation before undertaring *he construction of & betatron of 200 Mev
‘the inttor was not completed tocsmuse of She warl.

ny

. @ymcMrotren {f16, 17

In the synchrotron the elez‘rons are admitted to the apparatus in indi-
vidual pacee s, eqcn of which corresponds o the veglaming of 3 reried of in
cressing magnetic field efrmgtbs T'n2 elec=rons move in it 1g & circular o1b1t
in the form of Lscvens with a ceriain amour .t of spread. Even though a* first sight
it eppears *m. in this case cohesent radiation shouvld take place and vhe intausity
should be pro to the squsre of the number of electrons in the packet, ac-
tually '*alculatio,_s show thet the maximum redistion occurs At sush short waves {(in
comporizan vith tae leagth of the packet) *hat this radlation is agal: Honcoherent.

(b (A

Sroas having & spreal of the ordér of %ens of degrees, the maln part
of the »acietlomnl spectrus has ihe same i reity as thé intensity of radiation of
+he somplete ring of eigcvrons whish are randomly distributed along the ~ircumfer-
ence (we mast remember that in this case vhe invemsity is propertional to the total :
number of electrons). Coherent radiation comes at a wave length of an order of
rsgnitude of the lipear dimensions of %the mpacke®, - Coherent radiation occurring

:a one electron. is proportional to the nuwmber of lectrons and is not deps
cn the elesiron ezergy in the assumption & Ne.iwe2. In the absence of
vhis energy 1w given vy the formuls

where T' 15 the acceleration time of the electron wid 4 the angular spread of the
grou'o in “&diar‘s. Equa*tion {19) essumes that the density distribution i5 accord-

to Gauss's law sad @ 1s memsured between the points in which the density is
e~~ times maximum deneity.

For (3 of ihe order or 300 Mev, then N ~10% and ¢ = 0.2 {~129), the
josses due to ccherent radiation of the group are about 40 times higher than the
10556.; conces ~ed with %hé radiation of the complete ring of randumly distributed
eléctrons. However, by shieiding the electror beam this radia*ion can be signif-
icantly reduced.

Tu the above example, packet losses in coherent radiation can ve reduced,
with rhe aid of shielding, to one-tenth of *the radiation losses of rhe rull ring
of elecsrons {in the absence of shielding).

In comparison with the betatron, the synchrotrous hes ihe advantage in
that the radiation losses can be compensated for by automstis focueing of the
electrous while movin§ in the orbit, which possesses phase s*abilily. The ouly
requirement which has to be satisfied here is that the losses of the radiating
electrun ic a rotatins period be small in comparisun with the energy which is
acquired in passing the acceleratieg electric gaps._ Schiff irdicated thal with
the aid of the synchrotron, electron energies of 102 Mev could protably be at-
taipned.

. Microtron (28)

The =mizrobres 18 an ecaclevator spparatus consisting of an "2ndo-23-
cillator" sud A megretic field. The electronz, ascelerated by va: ,'irg totenvials
in the £ de-cacillator. sre rozatec "¢ tne mageeiic field 1a .« irisees 0 ever-in-

. ror rormal operatior of the microtron it 1s also necessary that
i lozeee 1: oue rovetion sheiild be smaller thar the voltege on the
Y, Ioug, even bexe radlaciov limits the attsivable ernaiglen

Y. Y= seme degree a8 in the synchrotros.
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cavors 7,

reS50n8NIce. 2CT ator revpresents A systew of a great aumber of
{regozatars) OF high, quality: l.e., small attenuation. Elec-
F ying a:ovng such & system of resorators; £211 each time into the acceler-
ating phsse of the corregpondlng resouAtor, which brings abcut an increase in their
ies. Az they -elarate, the alectrons radiate; It can be shown, however,
ipn she reecwilinesr motion of arges in the sccelersuing electric field the
. of ridisted ene-roy o that wuguired ls insignificantly smsll, Therefore,
.6 in 8 Cisear v@sonacie accelerator do not limit the atiainable

We must wobe, however, %t for i attainment of high emergies 1t
Ty RO Lre - wsc="erator of considerable dimensions; thus, to obtain
* 00 Mer, the dimcnsion of the apparatus would have to

ar hesvy pirticies, the leigth of the linear resonance accelerator hes

= ~e of *ne order of de:ame’ers, in order to obtain particles with
sboub 100 Mer, Tn a licear acrelerstor for heavy particles, radiation
pleys v 3 smaller ole than in lipesr accelerators for electirons, teceuse the
rediesion lx 1a reversé proportion To the mars of the acceleraled particle.

inenr Wave-gulde Acceleraror

NI

. e idew of aperabion of the Iipzar wave-gulde accelerator is 19 acceloy
ate perticles by magn- ilc waves scaniered throughout the system, whese phase ve-
locily is ~lose Lo the velocity of lignt. Radiaiion losses here will also be very
small for *te same reasons 85 1o the orecediag cases. With the use of a wave-guide
acceleraros, electrons with enexgies of 102 Mev ran be obtaized.

5 dvachrocylotron

svochroeyelotron, or phasctrov, is & cyclotron which operates in a
ar Go thet of the syachrolroi.

The

{21 +the phagntron, the freguency of the alternating vo.-age on “he "duants"
modulated by s somewhat lower freguency which corresponds to the periods

e iato the apparatue of the accelerated rarticles. v a correct selec-
womers, of admission, the motion of the particles possesses phase stm-

bildi+: ar iu the synchrotron), regardless of relativigtic variation in mass
of the sles. This apparatus wss developed for the ucceleration of heavy
pertizies {i: aiphg pariicler, deuteruvns, and others). Evep though the rela-
Livistis st of meas varistion has a noticesbie influence, the velocities of

the aszelersted particles ure noticeably different from the speed of light ¢ (the
phasctron &% Berkeley srcelsrated alpha particles to energles cf 400 Mev, to

' reech s maximum velocity of 0.45 ¢). Therefure, the radiation of the chaiged
partislss in fuis ayclotron can be calculsted according to nonrelativistic for-
mules. Tiis redistion hae mo significant effect on the performance of the appa-
vstus, if cue consicders theat the radiation is in iaverse proportion to the rass
of ihe particle, which is relatively very lurge for heavy particles.

Exporimentslly Obzerved Bffects Connected With Electron Radiation. "Luminescent

Electzons”

Previously, in 3lewett's {1§) werk with the betatron at 100 Mev,. the follow-
ing lwo experimental facts were shewn. First, it was observed that the accelerated
particies hnd compressed orbits which caused the particles to strike the target
soomer t-an would have happencd ir - - cbsence of radietion., wocomd.y, vhe above-
indiceted compressed clectron orbits were the same for various values of total cur- ~
rent in the beam. This brings out the independence of the radiation of each elec-
Lran foom the numbers of elsctrers in the beam, Blewett emphasized that he did not




,,\«—

. f\(\?“"'l‘

S i’I‘:E‘IDEN TLAL

(e ce The il He studied with gpecial care. the mizrowave reglon
of radistion . :ich, sccording to his cAalculstions, the main portion of the
radietisn in anparatus should occvr. However, as we showed above, at energies
imuwn electron racias*tion ocours &t the high harmorics which corre-
visusl or even ultraviolet part of the spectrum. Therefore, it is
cuewett conld not disti ish émy radiation ir =he microwave rerion;
e weraed with very sexn 1ve indicaters, capable of detecting redl-
1072 watts, The posgible resson why Rlevett was act able to Sbserve
zivle rasia*tion was that in the 10-Mev betair u wita which he worked, the

The vasuum chamber vere gilver.plated ;_‘_,,)

“here appecrcd 9 short memorandum by Follock
: 1 "Visual Cbeervasion of
Blontro o8 8 L&t 70 Hev." The electron orbit of the symchrotron

GRARE rafginuion was ceen as & small tright soueck of white
light on the 3l cxface of the vecuuws fubc, if one looked into the plane of the
ortit “towerd tle spproaching electron.

i g pormally opsrating syirchrotrosn, the electrons striking the Zarget <reate
Xerayv '3t41‘dpﬂ“ radiation Wwith swer of 5C roentgens per minute at a disteace’
of on: meter. oot irteredtv of X-ray vadletion, the spot was very hrighi;
however, even et intes €6 eqnal o ope roextgen per minute at a distance of
ne 5111 be sbgerwed in dayiight. - With the introduction
lertyan orbits s that the electrons esirusik che S
maximum attaineble magoetic field, the intensity of the observed
resced sharply width increase in electron energy, 1f tkis energy
the elecirons struck the targeb after athtaiument of the
maxiru ﬂnd;&’]' ficla, then the irleasity of iilumization did not depend on ibe
enrergy with which the electrons lefc the beam, but was determined by the maximum
energy acyuired by the electrone,

The viecually ohoerved effect disaypeared il ihe electroms struck the target
ith euergiecs lea: than 30 Mev, 1@, with the aid of a specilal resonator iaserted
for a short wime vefore maxivo magpnetic £icld strength, the electrou beam is dis-
ploced t7 & radius smalier than whe jncer radius of the target, then with a further
increase iu magpetic field strengih, the electron ~vbit wi'l be widened. In addi-~
tion, izstead of ihe asmail sperk, the observer will see a short lize in the orbit
piane.  inhe emitied cadiation 1s polarized; that is, the electrizal vector lies
in the or vlane. With 2 90-degree rotaticn oi the Nicol prizm, the visually

observed iilumination dilsepneared.

Poiioek did not give information on the speciral composition of the radiation,
but promised to present soon a detailed account of the experiments conducted.

Excelleut photograpbs of ithc new effert "luminescent electron” appear in a
number of recent Journals (19, 21, 22),

Conclusiors

Thus the presence of electron radistion in accelerators of the brtatron type,
firgt predicted by Soviet physicists, has been very quickly substantiated by g
series of experiment: topped off by dalrect ~bservation of the "luminesceat eles-
tror" by Foliock's followers. This phenorensn represents & new mhysicel effect
which characterizes electronc with 100 Mov :ziergies aud permits one “o "vee" +he
electror directly.

The prencmencn of the lumiuesc. ¢ L.ecPron ¢Xists for the nuceleilz.ons of
ok rezatron, synchrotron). It cun be said that the synchrotron and
ron 1re, flrs%, generatore of "svoppage" radiatior (gemma-quarta) aud,
Y, generators of ordimary illumizatiou ‘lurxinescent electrou), indeperdent
e7v wrr ae gererators of accelsrated partisles.
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1nig et ficudy to eay now whas Application in Bcience thils eirfect wiil nhave,
Boweve~, h iz a0 doutt that o gnew physical effect has been experimerntally un~
coOveTred 1 vre theoretical predicticn of this effect, & prominent part wes played
by Sovlev phy=icinte,
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